UNCLASSIFIED 


AD  NUMBER 

AD032143 

LIMITATION  CHANGES 

TO: 

Approved  for  public  release;  distribution  is 
unlimited. 


FROM: 

Distribution  authorized  to  DoD  only;  Foreign 
Government  Information;  JAN  1954.  Other 
requests  shall  be  referred  to  Controlling 
Organization:  British  Embassy,  3100 
Massachusetts  Avenue,  NW,  Washinton,  DC  20008. 


AUTHORITY 

DSTL  ltr  dtd  13  Feb  2007. 


THIS  PAGE  IS  UNCLASSIFIED 


UNCLASSIFIED 
AD  NUMBER 


AD032143 

CLASSIFICATION  CHANGES 

TO: 

unclassified 

FROM: 

restricted 

LIMITATION  CHANGES 

TO: 

Distribution  authorized  to  DoD  only;  Foreign 
Government  Information;  JAN  1954.  Other 
requests  shall  be  referred  to  Controlling 
Organization:  British  Embassy,  3100 
Massachusetts  Avenue,  NW,  Washinton,  DC  20008. 


FROM: 

Distribution  authorized  to  DoD  only.  Other 
requests  shall  be  referred  to 


AUTHORITY 

DSTL  ltr  dtd  13  Feb  2007;  DSTL  ltr  dtd  13  Feb 
2007 


THIS  PAGE  IS  UNCLASSIFIED 


7/54 


COPY  No. 


T7W  GA  VB 


MINISTRY  OF  SUPPLY 

REVIEWED  ON: 

yjjJiilJgSL . - ^4i_ 

p_  D*l*  frga*tute  ^ 

ARMAMENT  RESEARCH  ESTABLISHMENT 


REPORT  7/54 


WEAPONS  RESEARCH  DIVISION 


EXCLUDED 


',OM  GENERAL  DECLASSIFICATION  SCHEDULE 
EXECUTIVE  ORDER  JJU32 


Velocity  of  Detonation,  VIII. 


Variation  of  Velocity  with  Proportions  of  RDX/TNT 


M.  J.  W.  Billings 

Safety  in  Mines  Research  Establishment, 


Buxton 


"in? 


J 


This  Document  was  graded 
RESTRICTED 

at  the  63rd  meeting  of  the  A.R.E. 
Security  Classification  Committee. 


THIS  DOCUMENT  IS  THE  PROPERTY  OF  H.B.M  GOVERNMENT 
AND  ATTENTION  IS  CALLED  TO  THE  PENALTIES  ATTACKING 
TO  ANY  INFRINGEMENT  OF  THE  OFFICIAL  SECRETS  ACTS 

It  is  Intended  for  the  use  of  the  recipient  only,  and  for  communication  to  such  officers  under  him  as 
may  require  to  be  acquainted  with  its  contents  in  the  course  of  their  duties.  The  officers  exercising  this 
power  ofcomraunication  are  responsible  that  such  information  is  imparted  with  due  caution  and  reserve. 
Any  person  other  than  the  authorised  holder,  upon  obtaining  possession  of  this  document,  by  findingor 
otherwise,  should  forward  it  together  with  his  name  and  address  in  a closed  envelope  to:- 

THE  SECRETARY.  MINISTRY  OF  SUPPLY.  ADELPHI.  LONDON.  W.C  2. 

Letter  postage  need  not  be  prepaid,  other  postage  will  be  re  funded.  All  persons  are  hereby  warned  that 
the  unauthorised  retention  or  destructionof  this  document  is  an  offence  against  the  Official  Secrets  Acts. 


A.R.E, 

Publishing  Section 


/H)-03Sl\H3 


10187 


7<.9 . 


MINISTRY  OP  SUPPLY 


Extra-mural  research  contract 
with 

SAFETY  IN  JONES  RESEARCH  ESTABLISHMENT , BUXTON 


A.R.E.  REPORT  7/5A 


Velocity  of  Detonation,  VIII,  Variation  of  velocity  with 
proportions  of  HDX/TNT 

by 

M.J.W.  Billings 

for  Director,  S.K.R.E. 

Senior  Superintendent,  A.R.E. 

\ 


Approved 



^ 


Buxton  Report  E.  204  January  1 954. 


IMPORTANT 


This  DOCUMENT  should  be  returned  to  the  Chief  Information  Officer,  Armament  Research 
Establishment,  Fort  Halstead,  Sevenoaks,  Kent,  if  retention  becomes  no  longer  necessary. 


INITIAL  DISTRIBUTION 

Internal 
No.  1 

CSAR 

2 

SEMP 

3 

hr 

SEMP  - (Att.  Mr.  M.  J.  W.  Billings) 

- Mr.  G.  T.  Laing  (Shoeburyness) 

United  Kingdom 

5-6 

7 

CS/EHDE 

dwr(d) 

8-17 

18 

19-20 

21 

22 

23 

24-25 

26-27 

28-29 

30 

31 

32 

Director,  SMRE 
AWRE  - DD 
- SPR 

CEAD 
DGFV 
DRAe(  GW) 

1C  of  S 

Royal  School  of  Tank  Technology 
Sec.  A.A,  Lethality  Comnittee  (OB) 

Sec.  OB 

- Att.  Mr.  Bishop 

Prof.  Pearson,  University  College,  London 

Overseas  (through  TPA3/TIB) 


33-50 

51 

52 

53 

54 

US  - Joint  Reading  Panel 

- Assist.  Sec.  of  Def . for  Res.  and  Dev. 

- Applied  Physics  Laboratory,  Johns  Hopkins 

University  (Att.  Dr.  C.  P.  Meyer) 

- Ballistics  Res.  Lab.  Aberdeen  (Att.  Dr.  T.  E.  Sterne) 

- Naval  Ordnance  Lab.  Exp.  Div.  (Att.  Dr.  Paule  Eye) 

55-56 

BJSM  - P.0.  Box  680,  Benjamin  Franklin  Station, 

Washington,  D.C.  (Att.  Mr.  J.  W.  Gibson, 
Dr.  C.  G.  Lawson) 

57 

58-61 

62 

Canada  - Dept.  Nat.  Def. 

- Def.  Res.  Liaison 

- Nat.  Res.  Council 

63-67 

68 

Australia  - Sen.  Rep. 
- RAAP 

69-70 

TPA3/TIB  - Retention 

Stock 


“ 


' 


1 


RESTRICTED 

SUMMARY 


The  velocities  of  detonation  of  unconfined  charges 
of  three  HDX/TNT  mixtures  viz.  60/40,  50/50,  40/60  have 
been  measured. 

It  is  found  that  the  limiting  velocity  of  detonation 
increases  linearly  with  increasing  peroentage  of  EDX 
over  this  range  of  mixtures.  The  effect  on  velocity  of 
detonation  of  reducing  the  diameter  of  the  bare  charge  is 
least  with  the  50/50  mixture. 


INTRODUCTION 

Knowledge  was  required  of  the  variation  in  limiting  velocity  of  detonation 
with  changing  composition  of  mixtures  of  RDX  and  TNT.  Three  mixtures  were 
chosen,  viz.  60/40,  50/50  and  40/60  RDl/TNT,  and  charges  were  oast  in  long 
cylinders  of  various  diameters.  The  velocities  of  detonation  of  the  bare 
charges  were  then  measured  by  means  of  a rotating-mirror  camera. 

Preliminary  experiments  showed  that  a charge  of  RDX/TNT  50/50  31.7  mm.  in 
diameter  was  not  initiated  by  a commercial  No.  o copper  detonator  touching  one 
end  of  the  cylinder,  but  was  initiated  when  the  detonator  was  inset  in  the 
oh&rge.  To  ensure  full  detonation  the  charges  for  the  determination  of  the 
velocity  of  detonation  were  initiated  by  a CE  pellet  6.35  mm.  long  and  having 
the  same  diameter  as  the  charge. 


RESULTS 


The  results  for  RDX/TNT  60/4O,  5C/50  and  40/60  are  given  in  Tables  1, 

2 and  3 respectively,  and  are  shown  graphically  in  Pig.  1.  It  was  difficult 
to  cast  cylindrical  oharges  11.5  mm.  in  diameter  and  it  was  impossible  to 
obtain  charges  of  smaller  diameter  owing  to  t1  air  extreme  brittleness. 


TABLE  1 - Velooity  of  detonation  of  RDVTNT  60/40 


Charge  diameter,  ran. 

44.20 

32.00 

25.45 

20.00 

Density,  g./cm.^ 

1.647 

1.643 

1.634 

1.653 

V.O.D. , m./sec. 

7869 

7852 

7847 

7839 

7782 

7764 

7782  * 

7764 

7756 

7739 

7722 

7715 

7727 

7715 

7715 

7705 

7688 

7688 

7717 

7700 

7695 

7695 

7690 

7671 

Mean  V.O.D. 

7825 

7746 

7706 

7695 

Range 

105 

67 

39 

46 

Standard  deviation 

42 

26 

16 

15 

Coefficient  of  variation,  % 

0.54 

0.33 

0.21 

0.19 

\ 
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TABLE  2 - Velocity  of  detonation  of  RDX/TNT  50/50 


Charge  diameter,  ran. 

32.00 

25.45 

22.00 

19.00 

16.65 

14.55 

11.50 

Density,  g,/cm.^ 

1.664 

1.658 

I.676 

1.671 

1 .664 

1.686 

1.627 

V.O.D. , m./sec. 

7773 
7759 
7709 
7658 
7 656 
7615 

7778 

7736 

7695 

7678 

7649 

7649 

7646 

7632 

7624 

7600 

7773 

7768 

7705 

7705 

7659 

7658 

7632 

7620 

7600 

7596 

7589 

7555 

7688 

7663 

7653 

7639 

7627 

7593 

7695 

7685 

7663 

7658 

7581 

7550 

7671 

7671 

7632 

7562 

7539 

7532 

7649 

7610 

7501 

7496 

7480 

7463 

Mean  V.O.D. 

7695 

7669 

7 655 

7644 

7639 

7601 

7533 

Range 

158 

178 

218 

95 

145 

139 

186 

Standard  deviation 

63 

54 

70 

33 

59 

65 

77 

Coefficient  of  variation,  % 

0.82 

0.71 

0.91 

0.43 

0.77 

0.85 

1.02 

TABUS  3 - Velocity  of  detonation  of  KDVTNT  40/60 


Charge  diameter,  mm. 

44.20 

30.00 

25.45 

20.00 

Density,  g./cra.^ 

1.629 

1.632 

1.640 

1.634 

V.O.D*  j m./ soo. 

% 

7612 

7596 

7538 

7520 

7501 

7448 

7517 

7462 

7452 

7418 

7400 

7394 

7553 

7502 

7454 

7450 

7Wf 

7410 

7385 

7380 

7377 

7354 

7351 

7337 

Mean  V.O.D. 

7536 

7441 

7469 

7364 

Range 

164 

123 

143 

48 

Standard  deviation 

61 

49 

51 

19 

Coefficient  of  variation,  % 

0.81 

0 

0.68 

0. 26 

DISCUSSION 

During  an  examination  of  the  effect  of  impurities  on  the  velocity  of 
detonation  of  T.N.T.  (Titman  & Billings,  1952)  it  was  found  that  the 
relationship  between  the  squares  of  the  reciprocals  of  velooity  of  detonation 
and  radius  of  oharge  was  linear.  The  limiting  velocity  of  detonation  oould  be 
accurately  deduced  from  this  line  by  making  = 0,  i.e.  by  assuming  a charge 

of  infinite  radius.  A similar  relationship  to  Ids  for  the  three  mixtures  of 
RDX/TNT  and  from  the  best  straight  lines  the  limiting  velocities  of  detonation 
have  bean  deduced.  The  values,  together  with  the  mean  observed  velocities  of 
detonation  at  the  various  diameters  are  shown  in  Table  4. 
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TABLE  4 - Moan  volooitios  of  detonation  at  different  diameters  and  calculated 

limiting  velocity 


Mixture 

rdx/tnt 

Limiting 

V.O.D. 

44.2 

32.0 

30.0 

Diamel 

25.45 

:er  of 
22.0 

charge 

20.0 

. ram* 

19.0 

16.65 

14.55 

11.50 

60/40 

50/50 

40/60 

7030 

7704 

7566 

7825 

7536 

7746 

7695 

7441 

7706. 

7669 

7469 

7655 

7695 

7364 

7644 

7639 

7601 

7554 

Over  this  rather  restricted  range  of  mixtures  the  limiting  velocity  increases 
by  about  130  m./sec.  for  eaoh  inarement  of  10  per  cent  of  RDX.  The  limiting 
velocity  of  grade  I T.N.T.  was  found  to  be  7010  m./sec.  (Titman  & Billings,  1952), 
and  this  suggests  that  the -increase  might  be  linear  over  the  whole  range  of 
mixtures. 

The  effect  on  velocity  of  detonation  of  reducing  the  diameter  of  the  charge 
appears  to  be  least  marked  with  the  50/50  mixture.  It  also  appears  in  these 
experiments  that  in  this  mixture  the  limiting  velocity  was  attained  in  a bare 
Charge  of  smaller  diameter  than  in  either  of  the  other  mixtures. 


REEBREEGE 


Titman,  H.  and  Billings,  M.J. , (1952)  A.R.E.  Report  No.  17/52 
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Rie  velocities  of  detonation  of  unconfined  charges  of  three 
REK/TNT  mixtures  viz.  60/40,  50/50,  40/60  have  been  measured. 

It  is  found  that  the  limiting  velocity  of  detonation  increases 
linearly  -with  increasing  percentage  of  RDX  over  this  range  of  mixtures. 
The  effect  on  velocity  of  detonation  of  reducing  the  diameter  of  the 
bare  charge  is  least  with  the  50/50  mixture. 
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